b Background: With ever-increasing pressure to reduce costs and increase quality, nurses are faced with the challenge of producing evidence that their interventions and care provide value. Cost effectiveness analysis (CEA) is a tool that can be used to provide this evidence by comparative evaluation of the costs and consequences of two or more alternatives. b Objectives: The aim of this article is to introduce the essential components of CEA to nurses and nurse researchers with the protocol of a recently funded cluster randomized controlled trial as an example. b Methods: This article provides (a) a description of the main concepts and key steps in CEA and (b) a summary of the background and objectives of a CEA designed to evaluate a nursing-led pain and symptom management intervention in rural communities compared with the current usual care. b Discussion: As the example highlights, incorporating CEA into nursing research studies is feasible. The burden of the additional data collection required is offset by quantitative evidence of the given intervention's cost and impact using humanistic and economic outcomes. At a time when U.S. healthcare is moving toward accountable care, the information provided by CEA will be an important additional component of the evidence produced by nursing research. T he rising cost of U.S. healthcare has been a political issue for almost 40 years (McMahon & Chopra, 2012) . Many attempts have been made to mitigate healthcare costs while ensuring that the quality of patient care does not suffer in the process. Over the last 40 years, managed care, as well as hospital and physician payment reforms, has come and gone without success (Berenson & Rich, 2010) . The Patient Protection and Affordable Care Act (P-PACA; U.S. Congress, 2010) repre-sents the latest national effort to improve quality and reduce healthcare costs.
A key component of P-PACA is the development of healthcare systems innovations, such as accountable care organizations, that aim to meet the P-PACA goal of ensuring accessible, high-quality, and affordable healthcare for all Americans (U.S. Department of Health and Human Services, 2011). Accountable care organizations move beyond the expansion of healthcare insurance coverage to also include shift in payment incentives from volume (as seen in a feefor-service model) to quality and outcomes (Fisher, Bynum, & Skinner, 2009; Goroll & Schoenbaum, 2012; Sommers & Bindman, 2012) .
This shift has created an increasingly competitive environment. Nurses, as healthcare providers, leaders, and advocates of high-quality, patient-centered, and cost-effective healthcare (Hart, 2012) , will need to provide evidence of the value they provide. Cost effectiveness analysis (CEA) is a tool that can provide this evidence by evaluating both the costs and effectiveness of nursing interventions. Although evidence of clinical effectiveness is essential for healthcare decision makers, the results of well-designed cost effectiveness studies provide important additional information on costs and effectiveness for policy makers, payers, and consumers. The aim of this article is to introduce the essential components of CEA to nurses and nurse researchers. The protocol of a recently funded cluster randomized controlled trial ''Symptom Management in Rural Communities'' will be used as an example.
Methods

Main Concepts and Key Steps
Scarcity of resources creates the need to make choices about how available resources will be used. Not all needs or wants can be met. Some interventions are not feasible, and the resultant benefits are unattainable, because their costs exceed available resources (Rhodes, Battin, & Silvers, 2012) . It is thus important to maximize return from the resources that are available.
CEA is a tool used for comparative analysis of different ways of using scarce healthcare resources. This involves comparing the current ''usual care'' to one or more alternatives in terms of both the costs and effectiveness involved. CEA provides a systematic approach for balancing resource implications (cost) against results (effectiveness) of alternatives and is preferable to other approaches such as ''gut feelings,'' ''what we have always done,'' or ''educated guesses'' (Drummond, Sculpher, Torrance, O'Brien, & Stoddart, 2005) . The results of CEA provide decision makers with information on costs, effectiveness, and the relationship between the two (i.e., the value attained).
Conducting a CEA is a complex and multifaceted undertaking. The process can be broken into five key steps (Bensink, Scuffham, & Smith, 2012) : (a) formulate the research question to be answered, (b) define and measure the resources used and consumed and then assign costs, (c) define and measure effectiveness, (d) complete incremental analysis including estimates of uncertainty, and (e) present and interpret results.
Formulate the Research Question This first step is critical because it determines the foundation of the methods to be used in the analysis and the resulting evidence provided. The patient, intervention, comparator, and outcome structure (Centre for Evidence-Based Medicine, 2009), with important information relating specifically to economic evaluation added to the clinical research question, provides a single comprehensive statement that captures the key components of the analysis (Bensink et al., 2012) . Economic information added to the clinical research question includes (a) the economic perspective of the analysis, (b) the economic decision maker that the evidence is directed toward, and (c) the explicit focus on cost effectiveness versus clinical effectiveness as the outcome of interest.
Define and Measure Resources Used/ Consumed and Assign Costs Including the economic perspective and information on the economic decision maker in the research question has important implications for the scope of the data collection required. As recommended by the United States Preventive Services Task Force (USPSTF) Panel on Cost Effectiveness in Health and Medicine (Gold, Siegel, Russell, & Weinstein, 1996) , a broad societal perspective should be used to capture all of the anticipated and unanticipated impacts of the intervention(s) under evaluation. The USPSTF outlines four specific areas: (a) the healthcare resources used and/or consumed, including those required to provide the intervention; (b) the nonhealthcare resources used and/or consumed by patients to receive care; (c) the patient time to access care; and (d) the resources provided by family caregivers. Measuring the use of these resources should be undertaken using a combination of patient interviews, chart reviews, tracking logs, and potentially, hospital bills or claims data (depending on availability; Ramsey et al., 2005) .
Once the relevant resources have been identified, they need to be valued based on credible sources. For healthcare resources used and/or consumed, credible sources in the United States include the Healthcare Cost and Utilization Project (Steiner, Elixhauser, & Schnaier, 2002) and the Diagnosis Related Group Weights and Physician Fee Schedules (Centers for Medicare and Medicaid Services, 2012). For context-specific resources, additional information from secondary hospital and clinical financial systems can be used where available (Ramsey et al., 2005) . For items like patient and caregiver time, age-and gender-adjusted national wage rates can be used (Weinstein, Siegel, Gold, Kamlet, & Russell, 1996) .
It is essential to provide the decision maker specified in the research question with information relevant to their specific decision-making context, measuring the disaggregate components of the resources involved so results from alternate perspectives, such as healthcare system and patient/family perspectives, can be presented in the analysis (Drummond et al., 2005) .
Define and Measure Effectiveness Because CEA provides evidence to decision makers who are most likely considering the impact of a wide range of alternative uses of scarce healthcare resources, CEA requires looking at effectiveness in a way that can be compared across many different diseases, patient groups, interventions, therapies, and approaches. Disease-specific measures cannot be used to compare the effectiveness of all possible uses of the resources available to decision makers. Although not a perfect measure (Nord, Daniels, & Kamlet, 2009 ), quality-adjusted life years (QALYs) is the currently accepted measure of effectiveness for CEAs (Drummond et al., 2005; Gold et al., 1996; Weinstein, Torrance, & McGuire, 2009 ). The QALYs variable combines both the quality and quantity of life information into one common measure that can be used to compare very different interventions.
Although there are a number of ways to obtain information for the calculation of QALYs, the use of multiattribute health status classification systems with preference scores has gained increasing popularity with researchers over time. Ease of use and the minimization of participant burden are some of the key factors in this trend. For example, the Health Utilities Index Version 3 (HUI3) asks patients to rate their current health status across eight attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain (Feeny, Furlong, Boyle, & Torrance, 1995; Furlong, Feeny, Torrance, & Barr, 2001) . Responses are then valued using a scoring and health state preferences algorithm. The resulting utility scores reflect the quality of life of patients on a scale from 0 = dead to 1 = perfect health and can be used to calculate QALYs.
Complete Incremental Analysis Including
Estimates of Uncertainty After the collection and valuation of cost and effectiveness data, the next step in a CEA is analysis. The arithmetic mean cost for patients in intervention and control groups is estimated followed by an incremental analysis of the arithmetic mean difference in cost between groups. From a societal perspective, this provides a summary estimate of the average net impact of the intervention on the total per patient cost. An indication of the uncertainty surrounding these estimates is provided by reporting means with 95% confidence intervals. A p value should also be reported for the incremental analysis in trial-based evaluations (Glick, Doshi, Sonnad, & Polsky, 2007) .
Although other statistical measures can be used to characterize these estimates, the arithmetic mean is the important statistic in CEA. This is because of CEA's unique budgetary and societal perspectives (Thompson & Barber, 2000) . This can present analytical challenges as cost data are generally skewed with a long right tail. Guidance recommends completing simple univariate analysis first (e.g., independent samples t tests when a new treatment is compared with usual care), followed by multivariable analysis using techniques such as the generalized linear model if the distributional properties of the data are an issue (Glick et al., 2007) . Similarly, information from the QALY information collected from patients is used to estimate the arithmetic mean for patients in each group along with the difference between means and the probability associated with this difference compared with a hypothesis of no difference.
Estimates of the arithmetic mean differences in cost ($ c ), relative to the arithmetic mean difference in QALY effectiveness ($ e ), are then compared to produce an incremental cost effectiveness ratio (ICER) such that ICER = $ c / $ e . The ICER provides information on the value provided by the new intervention compared with the current usual care. The metric of value is the average cost needed to produce an average gain of one QALY ($/QALY).
As with the analysis of cost and effectiveness, the uncertainty associated with the ICER (the joint distribution of uncertainty surrounding cost and QALY estimates) is also included using a 95% confidence interval. A number of analytical techniques that can be used include the commonly implemented bootstrap percentile method (Briggs, Wonderling, & Mooney, 1997; Polsky, Glick, Willke, & Schulman, 1997) .
Present and Interpret Results
Results are presented on the cost effectiveness plane (Black, 1990) to provide a graphical summary of the joint distribution of costs and effectiveness along with associated uncertainty in estimates ( Figure 1) . Uncertainty in ICER results should also be characterized using willingness-to-pay thresholds and cost effectiveness acceptability curves (CEACs; Fenwick & Byford, 2005) . This approach uses a predefined definition of value, the willingness-to-pay threshold (e.g., $50,000 or $100,000 per QALY), to guide decision making ( Figure 2) . FIGURE 1. The four quadrants of the cost effectiveness plane. The four quadrants of the cost effectiveness plane provide information on the joint distribution of costs and effects. Quadrant III results show a new option that should be adopted as it is less costly and more effective than the usual care. Quadrant II results show that the cost effectiveness threshold should be adopted; options that lie above the threshold should not be adopted, as they exceed the predefined threshold (e.g., $50,000 or $100,000 per QALY). Results in quadrant IV could theoretically have a similar threshold if there is a willingness to accept decreased effectiveness to reduce cost, but in practice, a less effective option is not adopted. Adapted from ''The CE Plane: A Graphic Representation of Cost-Effectiveness'' by Black (1990) , Medical Decision Making, 10, 212Y214. Copyright 1990, Sage Publications. Used with permission.
Alternatives that cost less than the threshold are considered cost effective; those over the threshold are not. A CEAC provides information on the probability that the alternative under evaluation is cost effective given the underlying uncertainty in ICER estimates.
Example CEA: Symptom Management Study
The following illustrates the application of these methodological aspects of CEA. The ''Symptom Management in Rural Communities'' cluster randomized trial currently underway is used as an example.
Study Background and Objectives
The Office of Rural Health Policy accepts all nonmetro counties as rural areas in the United States (Health Resources and Services Administration, 2013). Yet, rural residents are more likely than their urban counterparts to be older, in poorer overall health, experiencing more chronic or serious illnesses and disabilities, uninsured or underinsured, and living in poverty (Rosenthal & Fox, 2000) . Although telehealth (the use of information and communication technologies to deliver healthcare at a distance) is an emerging method of healthcare delivery that has been found useful and effective in many clinical settings and specialties (Hersh et al., 2002 (Hersh et al., , 2006 , its effectiveness and the associated resource implications for symptom management have yet to be explored. Thus, the basis of the study described here is the evaluation of the effectiveness of a telehealth-enhanced symptom-management intervention among rural healthcare providers and the patients they care for. Correspondingly, the study is designed to answer the question: For rural-dwelling patients, does a telehealth-enhanced symptommanagement intervention provide better pain management than the current usual care?
Study Design The study is designed as a cluster randomized trial with a waitlist control group and is conducted with rural providers in the Washington, Wyoming, Alaska, Montana, and Idaho regions. (The study is approved by the institutional review board of the University of Washington.) Eligible providers in each site are those responsible for direct patient care including physicians, physician assistants, and nurse practitioners. Consenting providers are asked to identify patients under their care who are being seen for chronic pain. Patients who agree to participate in the study are then contacted by phone and provided a description of the study. Two additional inclusion criteria are assessed at this time: scoring a 3 or higher on a 10-point pain scale and being functionally fluent in English. Eligible patients are then asked to consent to participate in the study before being assigned to the same group as their providers.
Providers randomized to the ''integrated symptom management intervention group'' have access to weekly videoconferences with other community providers and university-based pain and symptom management experts to manage cases, engage in evidence-based practice activities, and receive peer support. Providers randomized to the waitlist control group provide usual care to patients at their specific site (i.e., without evidence-based videoconferencing or peer support activities) until week 12, when they are also given access to the intervention.
The primary outcome measure for the study is pain severity assessed using PainTracker, a Web-based patientreported pain outcomes measurement tool. PainTracker is also used to collect secondary outcome measures including anxiety and depression (Spitzer, Kroenke, & Williams, 1999; Spitzer, Kroenke, Williams, & Lowe, 2006) , overall quality of life (HUI3) as well as fatigue, dyspnea, and constipation. To account for nesting of patients within providers and providers within study sites, the impact of the intervention on the FIGURE 2. Cost effectiveness acceptability curve. This simulated cost effectiveness acceptability curve shows that the probability that the new option is cost effective, compared with the comparator, is .819 at a willingness-to-pay threshold of $50,000/QALY. The probability at $100,000/QALY is slightly higher, at .832. q primary outcome of patient-reported pain management outcomes will be analyzed using a hierarchical linear model (Raudenbush, Bryk, Cheong, & Congdon, 2004) . The results of this analysis will provide an answer to the study's primary research question.
Integrated CEA Given the resource constraints experienced by rural communities (Baldwin et al., 2006; Jukkala, Henly, & Lindeke, 2008) , the completion of an economic evaluation alongside the primary comparative effectiveness study is particularly compelling. Aligned with the primary study's research question, the economic research question is: From a societal perspective, should rural healthcare organizations caring for adult patients invest in telehealth-enhanced symptom management as a cost-effective alternative to the current usual care? A societal perspective is taken for the CEA. This includes the resources that will be used/consumed in the four specific areas recommended by the USPSTF (Table 1 ). The study is also placed in a particular decision-making contextVthat of the rural healthcare organizations responsible for the care of adult patients.
For effectiveness, the HUI3 was selected because of its (a) credibility as an established instrument with shown feasibility, reliability, validity, and responsiveness (Horsman, Furlong, Feeney, & Torrance, 2003) ; (b) coverage of the health attributes likely to be important to the patient population under study (ambulation, emotion, cognition, and pain); and (c) prior use in similar patient populations (Franks, Hanmer, & Fryback, 2006; Lubetkin & Gold, 2002; Räsä nen et al., 2006) .
As an adaptation to the multivariate techniques recommended, analysis of differences between cost and effectiveness will use the same multivariate hierarchical linear model technique being used for the primary study question to account for both the correlation between costs and outcomes and the potential dependence of these data on clustering under the enrolled clinician (Gomes, Grieve, Nixon, & Edmunds, 2012) . Numerical results will be presented aggregated and disaggregated from societal, rural healthcare organization, and patient/family perspectives. Overall results of cost effectiveness will be pres-ented using the cost effectiveness plane and as a CEAC.
Discussion
Incorporating an analysis of cost effectiveness alongside a comparative effectiveness study adds specific data collection requirements and analytical activities to the primary study. This includes the collection, valuation, and analysis of comprehensive information on the resources used from the recommended societal perspective as well as information from patients that allows the recommended measure of effectiveness, the QALY, to be calculated. Although these additions, as presented here, may seem relatively straightforward, there are many important decisions to be made and many different facets of any analysis that need to be considered. Including a health economist to study personnel from the beginning and maintaining their involvement throughout a study is essential.
The inclusion of CEA as part of a comparative effectiveness evaluation provides a number of benefits. These include comprehensive information on the cost of implementing an intervention, the resulting impact of this investment on the total cost of patient care, the cost to patients, the cost to informal caregivers, the effectiveness of the intervention as a means of improving the overall health of the patient population under study, and the value provided by using the new alternative over the currently accepted usual care.
The plan to conduct a comprehensive economic evaluation of a telehealthenhanced symptom-management intervention among rural patients, from the recommended societal perspective and the composite perspectives this involves, will be valuable to rural provider organizations, patients, their families, and the clinicians, including nurses who care for them. It will also provide important information to decision makers working for public and private health insurance plans especially when considerations of cost effectiveness are increasingly used in the private sector to make coverage and reimbursement policies (Malone, 2005; Neumann, 2004; Trice, Devine, Mistry, Moore, & Linton, 2009; Weart & Bauman, 2007) .
Despite the value of this information, it is important to highlight that CEA evidence is not the only information that can or should be used for decision making. CEA provides additional evidence to supplement rather than replace the comparative-effectiveness evidence produced by the analysis of primary clinical outcomes. Decision makers also consider other issues such as availability, access, and equity. At a time when U.S. healthcare is moving toward accountable care, the information provided by CEA will be an important additional component of the evidence producedbynursing research. q
